Histopathological Evaluation of Subcutaneous Tissue Reaction in Mice to a Calcium Hydroxide Paste Developed for Root Canal Fillings
Introduction Calcium hydroxide has been used as a root canal filling material in dentistry for many decades. Recently, a pre-mixed calcium hydroxide paste, with aqueous (propylene glycol) and/or non-aqueous (dimethylpolysiroxane) viscous high molecular weight chemicals in the base component, has become available.
In a previous paper we reported minimal adverse tissue reaction in mice to subcutaneously injected polyethylene glycol (PEG). 1 The reaction was similar to that observed with the control substance, propylene glycol, which is used as a base component in some root canal filling materials (Calcipex and CalcipexPlain; Nippon Shika Yakuhin KK, Shimonoseki, Japan). These results suggested that PEG could be used as a base component of root canal filling material for endodontic treatment. As a result, a new calcium hydroxide paste for root canal fillings with PEG as a base component (HP; Neo Dental Chemical Products Co., Tokyo, Japan) has been developed.
Before a material can be considered for clinical use, thorough histopathological evaluation is necessary. We aimed to evaluate any histopathological features of the subcutaneous tissue reaction to HP in mice.
Materials and methods

MATERIALS
The HP was provided by Neo Dental Chemical Products Co. (Tokyo, Japan). The paste is composed of calcium hydroxide (50%), PEG and a stabilizer. A mixed paste (calcium hydroxide [50%] and water) was used as a control. The pastes were autoclaved at 121°C for 20 min before injection. This process does not alter the properties of the pastes. 1
ANIMALS
A total of 40 male ddY mice (5 weeks old) were purchased from Japan SLC Co. (Hamamatsu, Japan). The mice were divided into two groups and were kept in plastic cages under controlled conditions with running water and Picolab Rodent Diet 20 (Japan SLC Co., Hamamatsu, Japan).
The Matsumoto Dental University Committee for Animal Experimentation approved the study.
METHODS
Mice were anaesthetized with ether when 6 weeks old. Immediately after the dorsal area was disinfected with 70% ethanol, 10 µl of HP or the control paste was injected subcutaneously into the connective tissue. The skin surface at the injection site was marked with a saturated solution of picric acid in 70% ethanol. The site was marked every 2 weeks until the final examination period at 12 weeks.
At 2 days and 1, 3 and 12 weeks after the injection, five mice from each group were anaesthetized with ether and the tissue surrounding the injection site was excised. The excised tissues were immediately fixed in 4% paraformaldehyde/0.05 M phosphate buffered solution, embedded in paraffin, and sections prepared.
The tissue sections were stained with haematoxylin and eosin and examined by light microscopy for histopathological changes. We followed the International Organization for Standardization (ISO) guidelines for evaluating the local effects of implantation materials. 2
Results
EXPERIMENTAL GROUP
In the 2-day specimens, the injected HP was observed as a round or ovoid mass composed of small granules deeply stained with haematoxylin, with dark brown fine particles in some parts. Necrotic and degenerative changes were seen in the tissues in direct contact with the injected paste. There were no changes or damage in the surrounding tissues ( Fig. 1A) . One week after injection, a foreign body reaction or proliferation of granulation tissue was seen around the injection site. The chief components of the granulation tissue were macrophages, foreign body giant cells, fibroblasts and capillaries, although there were a few inflammatory cells, such as lymphocytes and macrophages (Fig. 1B) . After 3 weeks, the necrotic and/or degenerating tissue appeared to be phagocytosed by the macrophages and foreign body giant cells. Thereafter, the necrotic tissues disappeared, and the deeply stained masses of granules were in direct contact with the cell-rich granulation tissue. Furthermore calcified materials formed at the sites (Fig. 1C ). At this stage, the inflammatory cells were reduced in number. The granulation tissue was gradually replaced by fibrous tissue. No inflammatory cell infiltration was seen in the 12-week specimens of the experimental group (Fig. 1D ). A haematoxylin-stained granular structure surrounded the periphery of the space. This was further surrounded by proliferating lymphocyte-rich granulation tissue (seen as a layered structure in Fig. 2A ). In the 1-week (Fig. 2B) , granulation tissue rich in macrophages and giant cells was observed and the inflammatory cells, lymphocytes and plasma cells, were reduced in number. At 3 weeks (Fig. 2C) , no necrotic or degenerative changes due to the paste were seen but a foreign body reaction or granulation tissue was observed. Finally, some inflammatory cell infiltration and calcified masses were seen in the 12-week specimens (Fig. 2D ).
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Discussion
Several studies have investigated the histopathological features of tissue reaction to calcium hydroxide pastes for root canal fillings. 3 -6 We conducted preliminary studies to evaluate the histopathology of tissue reactions to five types of calcium hydroxide paste for root canal fillings widely used in the clinical setting. The results showed that tissue reactions to the five pastes were very similar. 7 Therefore, in the present study, we selected calcium hydroxide and used a water-mixed paste as a control.
On the basis of our histopathological findings, we think that immediately after subcutaneous injection of HP, calcium hydroxide (a major component of the paste) causes necrotic and/or degenerative changes in the tissue surrounding the injection site because of its high alkalinity. Within a short time (1 week), however, the calcium hydroxide reacts with the tissue fluids to form a non-soluble calcium salt (such as calcium phosphate). The calcium salt does not cause any damage even though it is not phagocytosed by the macrophages and giant cells. Granulation tissue rich in cells (including foreign body giant cells) proliferates around the injection site. Since the 12-week specimens showed many foci of calcification in the fibrous tissue we propose that the calcium foci persist for a long time.
With regard to the other component of HP, i.e. PEG, we think that this gradually resorbs and is finally excreted from the body in urine or faeces. There is no reaction in the tissues surrounding any remaining PEG at the injection site. 1 In conclusion, we evaluated the safety of HP by carrying out a histopathological study in accordance with ISO guidelines. 2 We found that both the experimental and control pastes caused necrotic and degenerative changes, and foreign body reaction or proliferation of granulation tissue until 3 weeks after injection. No infiltration by inflammatory cells, such as lymphocytes, macrophages and plasma cells, was seen in the 12-week specimens of the experimental group, although some was present in the control group. We believe, therefore, that HP is safe to use as a root canal filling material.
